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Applying transition metal nitrides of Mo and Cr, which are characterized by a relatively low heat of for-
mation, as the components of the multilayer coating, the possibilities of elemental and structural engineer-
ing of vacuum-arc coatings under the influence of the bias potential Us and the reaction gas pressure PN are 
revealed. It was found that at a relatively small thickness of the layers of nanometer range, which provides 
superhard state of the coatings, the supply of Us with the value of above the critical leads to a drop in hard-
ness, which can be explained by mixing of layers at the interphase boundary. 
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Using multilayer systems allows to carry out simula-
tion during the deposition, not only for the structural 
state of each of the layers individually, but also by ad-
justing the thickness, the type of material and the num-
ber of layers in a period; creation of artificial structures 
with unique functional properties is also possible [1 - 5]. 
Structure and properties of the coatings based on 
MoN and CrN in monolayer state may vary in a wide 
range depending on the potential applied to the sub-
strate and the pressure of nitrogen atmosphere during 
the deposition process [6, 7]. In connection to this, we 
can expect considerable sensitivity of structural states 
and properties of the coatings obtained by combining 
CrN and MoN as layers of the multilayer system. Thus, 
the greatest effects can be expected in the nanometer 
size of the layers, which is due to the high mechanical 
properties of nitrides in this size range [8, 9]. 
The samples of multilayer coating were obtained by 
means of vacuum-arc method by means of the modern-
ized "Bulat-6" installation [10]. The pressure of working 
atmosphere (nitrogen) during the deposition was 
PN = (7…30) × 10–4 Torr, the deposition speed was about 
3 nm/s. The deposition was implemented from two 
sources (Mo and Cr) with continuous rotation with a 
speed of 8 rpm of fixed samples on the substrates, which 
allowed to obtain the layers with a thickness of about 10 
nm, with a total amount of layers 960 (or 480 bilayer 
periods) and total thickness of the coating of about 9 μm 
during one hour deposition. In the process of deposition 
the constant negative potential with a value of Us = –
20 V, -70 V, -150 V and -300 V was applied to the sub-
strates. 
Phase and structural analysis was carried out by 
means of X-ray diffraction method in the emission of Cu-
Kα. The separation of profiles into components was car-
ried out by means of the software package "New Profile". 
The elemental composition was investigated by ener-
gy dispersive method by means of scanning electron mi-
croscope FEI Nova NanoSEM 450. The hardness of the 
coatings was measured by means of durometer DM-8 by 
micro-Vickers method, at a load on indenter of 0.2 N. 
Fig. 1 shows the data of elemental analysis depend-
ing on the pressure PN and the applied negative bias  
potential Us. It can be seen that the content of nitrogen 
as a light interstitial element in determining way de-
pends on the magnitude of PN during the deposition (Fig. 
1a). The effect of Us affects lesser (Fig. 1b) and appears 
in a relative decrease (due to selective secondary sputter-
ing from the growth surface) of the atomic concentration 
of nitrogen at high Us. It should be noted, that the 
strengthening of connections between the deposited 
metal and the atmospheric nitrogen at high pressure PN 
leads to stabilization of the coating composition to a sub-
stantially larger in magnitude Us (Figure 1b, dependence 
2). 
Increasing the bias potential Us leads to a significant 
increase in uniformity (reduction of dropping component) 
of the coatings (microscopic image of the morphology on 
the left of fig. 1c for Us  –20 V, and on the right for Us  
–150 V). 
It should be also noted, that using of pulsed beams to 
vaporize the material deposited on the substrate allows 
to eliminates the presence of drop component [11, 12]. 
 
 V.M. BERESNEV, O.V. SOBOL’, ET AL. PROC. NAP 4, 01FNC01 (2015) 
 
 
01FNC01-2 
 
 
 
Fig. 1 – The changing the content of nitrogen in the coating depends on: а – pressures during the deposition (PN) at a constant  
Us = -70 V; b – from Us at a constant PN = 7⋅ x 10–4 Torr (curve 1) and PN = 3 x 10–3 Torr (curve 2); c – dependence of the correlation of 
the atoms Mo/Cr from Us at PN = 7x10–4 Torr (curve 1) and PN = 3x10–3 Torr (curve 2) (on the left and on the right side of the graph 
the images of morphology of the surface at Us = -20 V and Us = -150 V) 
 
The change in the content of metal components of 
the coating (Mo and Cr) from the bias potential Us are 
shown in Figure 1c, which implies a significant change 
of Mo/Cr ratio depending on the Us at low pressure. 
The cause of the observed effect is a higher average 
energy of ions, bombarding the growing coating of the 
ions Mo and Cr, which is due to smaller losses of ener-
gy on collision at low PN. 
For structural studies of the influence of the main 
technological parameters during the deposition (values 
of the negative bias potential and pressure) two series of 
coatings were obtained: series 1, formed at  
PN = 7x10–4 Torr and Us = -20 V, -70 V, -150 V and se-
ries 2, formed at PN = 3x10–3 Torr and Us = -20 V, -70 V, -
150 V and -300 V. At low pressure of PN = 7x10–4 Torr 
the formation of lower nitrides β-Cr2N (hexagonal lattice, 
JCPDS 35-0803) и γ-Mo2N (cubic fcc, JCPDS 25-1366) 
takes place, with the compliance of interplane distances 
of the planes (111)β-Cr2N/(200)γ-Mo2N and (110)β-
Cr2N/(111)γ-Mo2N. The presence of structures with the 
same interplanar spacings in the contacting layers may 
indicate the correlated growth of these two structures. 
With the increase of bias potential Us predominant 
growth of (111)β-Cr2N/(200)γ-Mo2N is observed. 
At a pressure PN = 3x10-3 Torr, occurs the formation 
of cubic (structural type NaCl) lattice in both layers. At 
the same time, with an increase of Us, the transition 
from polycrystalline non-oriented state at Us = -20 V to 
the preferred orientation of the growth of crystallites 
during the deposition with the axis of the axial texture 
[100] at the bias potential Us, which is greater than the 
absolute value of -70 V. The appearance of this type of 
texture is apparently due to the relative decrease in the 
nitrogen content in the coating with the increase in the 
absolute value of Us, which is expressed by the appear-
ance in of chromium nitride phase β-Cr2 in the layers at 
Us = -300 V.  
The obtained wide range of structural states of multi-
layer coatings defines the significant changes in its me-
chanical characteristics. Thus, from the dependence of 
hardness on the bias potential Us shown in Fig.2 it is 
seen, that the highest hardness value is achieved at the 
lowest Us and high pressure PN, providing stoichiometric 
nitrogen composition. 
The reduction of hardness at lower pressure can be 
associated with the formation of vacancies in the nitro-
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gen sublattice due to its smaller content in the coating in 
comparison with the stoichiometric composition. 
The reason of the decrease in hardness with increas-
ing Us is the intensification of the mixing process in the 
border area, which leads to the formation of a significant 
part of the solid solution with low hardness for relatively 
thin (about 10 nm) layers. 
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Fig. 2 – The dependence of hardness of the coatings of the applied 
negative bias potential during the deposition: 1 - PN = 7 x 10 
-4
 Torr, 2 - 
P N = 3 x
 
10 
-3
 Torr  
 
 
REFERENCES 
 
1. Z.H. Xie, M. Hoffman, P. Munroe, R. Singh, A. Bendavid, 
P.J. Martin, J. Mater. Res. 22, 2312 (2007). 
2. O.V. Sobol’, A.A. Andreev, S.N. Grigoriev, V.F. Gorban’, 
M.A. Volosova, S.V. Aleshin, V.A. Stolbovoi, Metal Sci. 
Heat Treat. 54 No3-4, 195 (2012). 
3. J.M. Lackner, L. Major, M. Kot, Bull. Polish Acad. Sci. 
Tech. Sci. 59 No3, 343 (2011). 
4. A. Gilewicz, B. Warcholinski, Tribol. Int.80, 34 (2014). 
5. M. Ertas, A.C. Onel, G. Ekinci, B. Toydemir, S. Durdu, 
M. Usta, L. Colakerol, Int. J. Chem. Nucl. Mater. Metal. 
Eng. 9 No1, 53 (2015). 
6. O.V. Sobol', A.A. Andreev, V.A. Stolbovoi, V.E. Fil'chikov, 
Tech. Phys. Lett. 38 No2, 168 (2012). 
7. A.G. Guglya, I.M. Neklyudov, Prog. Phys. Metal. 6, 197 
(2005). 
8. A.D. Pogrebnyak, A.P. Shpak, N.A. Azarenkov, V.M. Beresnev, 
Adv. Phys. Sci. 179 No1, 35 (2009). 
9. V.M. Beresnev, O.V. Sobol', A.D. Pogrebnjak, P.V. Turbin, 
S.V. Litovchenko, Tech. Phys. 55 No6, 871 (2010). 
10. A.A. Andreev, L.P. Sablev, S.N. Grigoryev, Vacuum-arc 
Coatings (Kharkiv: NSC KIPT: 2010).  
11. V.F. Klepikov, Yu.F. Lonin, V.V. Lytvynenko, 
A.V. Pashenko, A.G. Ponomarev, V.V. Uvarov, 
V.T. Uvarov, V.I. Sheremet, Probl. Atomic Sci. Technol. 
Ser. Nucl. Phys. Inv. No5(50), 91 (2008). 
12. А.B. Batracov, M.I. Bazaleev, S.E. Donets, V.F. Klepikov, 
V.V. Lytvynenko, Yu.F. Lonin, А.G. Ponomarev, 
V.V. Uvarov, V.T. Uvarov, Probl. Atomic Sci. Technol. Ser. 
Nucl. Phys. Inv. No6(88), 225 (2013). 
 
